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0 In a TDMA radio communication system consist- 
ing of a master station and a plurality of slave 
stations, the master station performs channel control 
for sending time slot assignment information to only 
a calling slave station in response to a time slot 
assignment request from a calling slave station. 

The calling slave station performs transmission 
control. In this control, the calling slave station de- 
tects an address of a destination device from an 
input transmitting signal, determines a called slave 
station based on the detected address, adds the 
address of the called slave station to the input trans- 
mitting signal to form a transmission signal, and 
inserts the transmission signal in the assigned time 
slot. 
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Time Division iViultlple Access Radio Communication System 



Background of the Invention 

The present Invention relates to a time division 
multiple access (TDMA) radio communication sys- 
tem and, more particularly, to an improvement in 
channel assignment, i.e., slot assignment of the 
TDMA radio communication system. 

As is well known, in a TDMA radio communica- 
tion system, a plurality of stations connected 
through the TDMA channel are constituted by one 
(or two or more) master station and a large number 
of slave stations, each of which receives a refer- 
ence signal transmitted from the master station and 
sets a transmitting/receiving timing of its own. Each 
slave station transmits a communication signal in a 
burst format in a channel, i.e.. a time slot, which is 
time-divisionally assigned to the slave station, thus 
performing communication. A demand assignment 
system for assigning a time slot in response to 
each assignment request from the slave station is 
known as a system of assigning a slot to each 
slave station. This system is well known in a sat- 
ellite communication system. 

Fig. I shows a transmitting operation sequence 
of a TDMA radio communication system employing 
a conventional demand assignment system. In Fig. 
1. when a calling station receives a transmitting 
signal from a terminal or an exchanger and detects 
a calling signal therefrom in step (A), it sends to a 
master station a channel connection request added 
with an identification number of its own and an 
identification number of a slave station serving as a 
called station. In step (B), the master station per- 
forms channel connection control for checking 
availability of the channel, i.e., searching of the 
presence/absence of vacant time slots and a con- 
nection condition of the channel, i.e., checking 
whether or not the receiving station is busy. If a 
vacant slot is found and the receiving station is not 
busy, the master station sends back an acknowl- 
edge response (ACK) for the channel connection 
request to the calling station. In step (C), the calling 
station sends to the master station a slot assign- 
ment request prepared by adding a necessary time 
slot count to an identification number of the slave 
station serving as the called station. 

In steps (D) and (E), the master station per- 
forms channel control. That is, the master station 
retrieves a channel assignment condition, deter- 
mines a slot to be assigned, and sends slot assign- 
ment information to the calling and called stations. 
The slot assignment information sent to the called 
station includes assignment information of a slot 
used when the called station transmits data, and 
information indicating a slot assigned to the calling 



station. 

Similarly, slot assignment information sent to 
the calling station includes assignment information 
of a slot assigned to the calling station and assign- 

5 ment information of a slot assigned to the called 
station. More specifically, the calling and called 
stations send a burst signal to a predetermined 
time slot, and fetch it therefrom, thereby the calling 
and called stations are associated with each other 

70 using the time slot. In response to the slot assign- 
ment information, the calling station sends the ACK 
to the master station in step (F). and the called 
station sends the ACK to the master and calling 
stations in step (G). In step {H). the calling station 

75 sends data transmission start information to the 
called station at a given timing. In step (I), the 
called station sends to the calling station the ACK 
indicating that reception is ready. 

In step (J), the calling station sends transmis- 

20 sion signals DATA! to DATAn to the called station 
using the assigned time slot. In step (K). since 
transmission is completed, the calling station per- 
forms channel disconnection control for sending a 
disconnection request to the master and called 

25 stations. In step (L). the called station similarly 
performs channel disconnection control for sending 
a disconnection request to the master and calling 
stations. In step (M), the master station receives 
the disconnection requests from the calling and 

30 called stations, and releases the assignment of the 
time slot assigned to these stations. 

To summarize, in the demand assignment sys- 
tem, the master station performs channel assign- 
ment control for a plurality of slave stations. In the 

35 conventional demand assignment system, a recep- 
tion enable/disable state of the called station is 
checked during channel connection control in addi- 
tion to availability of the channel. During channel 
assignment control, a channel assignment condition 

40 is grasped and retrieved to assign a slot to the 
calling station, and slot assignment is performed 
for the called station, so that correlation between 
the calling and called stations is established with 
reference to the time slot. During 

45 transmission/reception end processing, the discon- 
nection requests from both the calling and called 
stations are received to release slot assignment. 

However, in the TDMA radio communication 
system employing the conventional demand as- 

50 signment system, the following problems are 
posed. 

Since the master station controls availability of 
the channel, i.e., availability of time slots and a 
connection condition between the calling and called 
stations, it must process a large amount of data. 
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When a plurality of stations issue channel connec- 
tion requests and channel assignment requests at 
the same time, the processing requires much time, 
and a queue is easily formed. As a result, it is 
difficult to quickly perform channel setting and 5 
channel assignment. 

In order to avoid this, the master station must 
have a high-grade function such as a parallel pro- 
cessing or high-speed processing function, result- 
ing in an expensive master station. io 

Since a connection condition between the call- 
ing and called stations is controlled, the channel 
connection request of a new calling station is not 
accepted unless the receiving station is ready for 
reception. Even if the channel connection request is 
or channel assignment request is accepted, signal 
transmission is performed after a response from 
the called station is received. Therefore, it takes 
much time from generation of calling until signal 
transmission, resulting in a long response time. As 20 
a result, the queue is more easily formed, in par- 
ticular. In a satellite communication system, since 
earth stations are discretely located, the calling and 
called stations may have a difference in weather. 
Under this condition, taking into consideration the 25 
fact that the master or calling station may fail to 
receive a response from the called station, the 
above problem is very important. 

Since the calling and called stations are cor- 
related with reference to a time slot, when the 30 
calling station changes a called station, the channel 
assignment procedure and the like must be re- 
started. For this reason, channel control becomes 
complicated, and it is difficult to improve transmis- 
sion efficiency. In other words, a called station 35 
cannot be changed during a series of signal trans- 
mission procedures. 

Summary of the Invention 40 

It is an object of the present invention to pro- 
vide a TDMA radio communication system which 
can shorten a processing time required for channel 
setting determination or channel assignment of a 45 
calling station. 

It is another object of the present invention to 
provide a TDMA radio communication system 
wherein a calling station can change a called sta- 
tion during a series of signal transmission proce- so 
dures. 

According to the present invention, a TDMA 
radio communication system has a plurality of sta- 
tions including a master station and slave stations 
which are connected through the TDMA channel. 55 
The master station comprises: channel connection 
control means for receiving a channel connection 
request from a calling slave station, d on availabil- 



ity of the channel whether or not the channel can 
be assigned, and transmitting a response signal to 
the calling slave station by adding the determina- 
tion result to the response signal; channel control 
means for receiving a slot assignment request from 
the calling slave station and transmitting slot as- 
signment information of the TDMA radio channel to 
the calling slave station; and release means for 
receiving a disconnection request from the calling 
slave station and releasing assignment of a slot 
assigned to the calling slave station. Each slave 
station comprises: channel connection request 
means responsive to an input calling signal to 
perform the channel connection request to the 
master station; slot assignment request means for 
receiving an acknowledge signal for the channel 
connection request from the master station and 
sending the slot assignment request to the master 
station; slot detection means for detecting a slot 
assigned to the slave station as the calling station 
based on the received slot assignment information; 
address detection means for detecting an address 
of a destination device based on an input transmit- 
ting signal; called station determination means for 
determining a called slave station based on the 
address of the destination device detected by the 
address detection means; transmission control 
means for adding an address of the called slave 
station determined by the called station determina- 
tion means to the input transmitting signal to form 
a transmission signal, and inserting the transmis- 
sion signal into the time slot detected by the slot 
detection means; reception control means for re- 
ceiving the transmission signal inserted in each 
time slot of the TDMA radio channel to detect the 
address of the called station included in each 
transmission signal, and fetching the transmission 
signal in which the address of the called station 
coincides with that of its own as a reception signal; 
and completion control means for transmitting the 
disconnection request in response to completion of 
the transmission operation of the transmission con- 
trol means. 



Brief Description of the Drawings 

Fig. 1 is a sequence diagram for explaining 
an operation of a conventional TDMA radio com- 
munication system; 

Fig. 2 is a block diagram showing an ar- 
rangement of a TDMA radio communication system 
according to an embodiment of the present inven- 
tion; 

Fig. 3 is a view showing an example of a 
format of a transmission signal; and 



5 



EP 0 307 962 A2 



6 



Fig. 4 is a sequence diagram for explaining 
ttie operation of the system shown in Fig. 2. 



Description of the Prefenred Embodiment 

A preferred embodiment of the present inven- 
tion will be described hereinafter with reference to 
the accompanying drawings. 

Fig. 2 shows a TDMA radio communication 
system according to an embodiment of the present 
invention. The system of this embodiment is a 
satellite communication system in which a plurality 
of earth stations are connected via a satellite 10. 
The earth stations include a master station as a 
reference station, and a plurality of slave stations 
having the same arrangement. Rg. 2 illustrates 
only two slave stations A and 6. The slave station 
A basically comprises a calling signal detector 1, a 
control circuit 2, a TDMA connector 3. a modulator 
4, a transmitter/receiver 5, an antenna 6, and a 
demodulator 7. 

In a transmission mode, the calling signal de- 
tector 1 receives a transmitting signal STa from a 
terminal or an exchanger, and transfers it to the 
TDMA connector 3. The detector 1 detects a call- 
ing signal, and a variety of control Information such 
as an address of a destination device, a data 
volume, or the like included in the transmitting 
signal STa, and sends the detected control in- 
formation to the control circuit 2. For this reason, 
the detector 1 also has a function of address detec- 
tion means. 

In the reception mode, the calling signal detec- 
tor 1 distributes the output signal from the TDMA 
connector 3 in accordance with a reception-side 
output signal from the control circuit 2. and sends it 
to a predetermined terminal or exchanger as a 
receiving signal SRa. 

The control circuit 2 mainly performs the fol- 
lowing operations: 

In the transmission mode, (1) the control circuit 
2 forms a channel connection request signal in 
response to an input calling signal, and sends it to 
the TDMA connector 3 (channel connection re- 
quest); (2) the circuit 2 receives an acknowledge 
signal for the channel connection request from the 
TDMA connector 3. forms a slot assignment re- 
quest signal added with information associated with 
a necessary slot count, and sends it to the TDMA 
connector 3; (3) the circuit 2 receives the slot 
assignment information (transmitted from the mas- 
ter station in a broadcast mode) from the TDMA 
connector 3 so as to detect a time slot assigned to 
the calling slave station A, and supplying an in- 
struction associated with use of the time slot to the 
TDMA 3 (note that the slot assignment information 
is fetched only by the slave station which issues 



the slot assignment request); (4) the circuit 2 deter- 
mines the called slave station (one or more) based 
on the address information of the destination de- 
vice in the control information input from the calling 

5 signal detector 1 , and sends the address informa- 
tion of the called slave station to the TDMA con- 
nector 3 (determination of called station); (5) the 
circuit 2 forms a disconnection request signal upon 
completion of the transmitting operation of the 

10 TDMA connector 3, and sends it to the TDMA 
connector 3 (completion control); and so on. 

In the reception mode, the control circuit 2 
receives the address information (address of a des- 
tination device or calling station) from the TDMA 

75 connector 3 and supplies to the calling signal de- 
tector 1 an instruction indicating a terminal or ex- 
changer corresponding to a destination of a receiv- 
ing signal which is sent from the TDMA connector 
3 to the calling signal detector 1. In this case, if 

20 there are a plurality of calling stations, identification 
•is made in accordance with calling station ad- 
dresses. 

The TDMA connector 3 forms a timing signal 
associated with a time slot position or the like 
25 based on a reference signal received from the 
master station, and mainly performs the following 
operations. 

In the transmission mode, the TDMA connector 
3 adds an address of a called station sent from the 

30 control circuit 2 (and its own address, if necessary) 
to the transmitting signal from the calling signal 
detector 1 to fomn a transmission signal, inserts the 
transmission signal in a time slot indicated by the 
control circuit 2, and sends the transmission signal 

35 to the modulator 4 (transmission control). As a 
result, the transmission signal in the designated 
time slot is transmitted to a TDMA satellite channel 
through the modulator 4. the transmitter/receiver 5, 
and the antenna 6. 

40 Fig. 3 shows the frame format of the TDMA 
satellite channel. 

As shown in Fig. 3, the TDMA satellite channel 
consists of a plurality of slots (Tl to Tn). and the 
transmission signal inserted in each slot includes a 

45 transmitting signal start flag F1. a called station 
address field F2, a calling station address field F3. 
a transmitting information field F4, and a transmit- 
ting signal end flag F5. 

In the reception mode, the TDMA connector 3 

50 detects an address of a called station included in 
each transmission signal which is input through the 
antenna 6, the transmitter/receiver 5, and the de- 
modulator 7. and is inserted in each time slot of the 
TDMA satellite channel. The TDMA connector 3 

55 fetches the transmission signal whose called sta- 
tion address coincides with its own address from 
the corresponding time slot as a reception signal, 
and sends the reception signal to the calling signal 



7 



EP 0 307 962 A2 



8 



detector 1 (reception control). At the same time, 
tlie connector 3 detects the calling station address 
and the address of the destination device from the 
fetched transmission signal, and supplies them to 
the control circuit 2. 

The TDMA connector 3 detects the transmitting 
signal end flag F5 and informs that the transmis- 
sion operation has been ended to the control circuit 
2. The called station address field F2 includes the 
called station address and the address of the des- 
tination device. The TDMA connector 3 detects 
only the called station address, and sends the 
contents of the called station address field F2, 
which includes the called station address coin- 
ciding with its own address, and of the calling 
station address field F4. 

The transmitting signal from an exchanger or 
terminal is transmitted or received using one or a 
plurality of time slots, as a matter of course. 

The master station basically comprises the an- 
tenna 6. the modulator 4. the demodulator 7, a 
TDMA connector 1 1 , and a slot assignment control 
circuit 9, 

The TDMA connector 11 generates a reference 
signal serving as a reference 
transmission/reception timing of a plurality of slave 
stations, and sends it to the satellite 10 through the 
modulator 4. the transmitter/receiver 5, and the 
antenna 6. The TDMA connector 1 1 sends various 
signals supplied from the slot assignment control 
circuit 9 to the satellite 10. The TDMA connector 
11 sends a channel connection request signal, a 
slot assignment request signal, and a disconnection 
request signal received from the satellite 10 
through the antenna 6, the transmitter/receiver 5, 
and the demodulator 7 to the slot assignment con- 
trol circuit 9. 

The slot assignment control circuit 9 mainly 
performs the following operations. (1) The control 
circuit 9 receives the channel connection request 
from the calling slave station through the TDMA 
connector 11. determines based on availability of 
the channel whether or not the channel can be 
assigned, and adds the determination result to the 
response signal sent to the corresponding slave 
station (channel connection control); (2) the circuit 
9 receives the slot assignment request from the 
calling slave- station, and generates slot assignment 
information of the TDMA radio channel (channel 
control); and (3) the circuit 9 receives the dis- 
connection request from the calling slave station, 
releases assignment of the time slot assigned to 
the corresponding slave station, and generates a 
response signal indicating this (release of slot as- 
signment). Thus, the control circuit 9 sends these 
signals and information to the TDMA connector 1 1 . 

The transmission operation based on the de- 
mand assignment system employed in the TDMA 



radio communication system of the present inven- 
tion will be described below with reference to the 
sequence diagram of Fig. 4. 

In Fig. 4, when the calling station receives a 

5 transmitting signal from a terminal or exchanger 
and detects a calling signal therefrom in step (a), it 
sends a channel connection request added with 
only an identification number of its own to the 
master station. In step (b), the master station per- 

10 forms channel connection control, that is, checks 
availability of the channel, i.e., the 
presence/absence of vacant time slots. As a result 
if a vacant time slot is found, the master station 
sends back an acknowledge signal (ACK) to the 

15 calling station only on the basis of this fact In other 
words, in the channel connection control, the chan- 
nel connection status, te., the current connection 
status of the slave stations and reception availabil- 
ity of the called station are not taken into consider- 

20 ation. Therefore, it can be relatively quickly deter- 
mined if the channel can be assigned. In step (c), 
the calling station sends an assignment request of 
the necessary number of slots to the master sta- 
tion. The called station is ignored. 

25 In step (d), the master station performs channel 
control, i.e., searches a channel assignment con- 
dition, and determines time slots to be assigned 
(one or more time slots which do not always co- 
incide with the requested number), and sends the 

30 slot assignment information to the calling station. In 
this case, slot assignment to the called station is 
not performed. 

The calling station detects a slot assigned 
thereto according to the received slot assignment 

35 information, detects the address of the destination 
device from the input transmitting signal, and de- 
termines the called slave station based on the 
detected address of the destination device. The 
address of the determined called slave station is 

40 added to the input transmitting signal to form a 
transmission signal, and the transmission signal is 
inserted in the detected time slot. The transmission 
signal inserted in one time slot has one or more 
called station addresses. If the transmission signal 

45 has two or more called station addresses, it in- 
cludes an address of its own as the calling station 
address in consideration of convenience for control 
of the called station. 

In step (e). the calling station sends bac^ the 

50 acknowledge response (ACK) to the master s?j-.ion. 
In step (f), the calling station sends data transmis- 
sion start information (generated by the control 
circuit 2) to the master station prior to signal trans- 
mission. 

55 In step (g), In order to define the signal trans- 

mission timing of the calling station, the master 
station sends back the ACK for the data transmis- 
sion start information. Various methods of defining 
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a signal transmission timing of the calling station 
may be employed, and the method according to 
the steps (f) and (g) Is one of them. In step (h), the 
calling station sends the transmission signals 
DATAI to DATAn using the slots assigned. The 
slave stations which do not perform the calling 
operation detect a corncidence/noncoincidence of 
its own address with the called station address in 
the called station address fields F2 of the transmis- 
sion signals DATA! to DATAn inserted In the time 
slots of the TDMA channel. A station which detects 
the coincidence serves as a called station. 

The called station address is determined by 
the destination address of the transmitting signal 
generated by a terminal or an exchanger. For ex- 
ample, various transmission modes, which are hard 
to achieve in the conventionai system, such as a 
case wherein terminals connected to different slave 
stations have one terminal connected to one slave 
station as a destination device, a case wherein a 
plurality of terminals connected to one slave station 
have terminals connected to different slave stations 
as destination devices, respectively, and a case 
wherein one terminal performs multi-address call- 
ing to terminals connected to a large number of 
slave stations, can be employed in a series of 
signal transmission procedures which are per- 
formed upon reception of a single slot assignment. 
The address of the calling station Is included in the 
transmission signal of the calling station in consid- 
eration of l-to-n communication or m-to-n commu- 
nication although it is not required in l-to-l commu- 
nication. 

In step (i), since the transmission is completed, 
the calling station sends the disconnection request 
to the master station. In step (j). the master station 
performs slot assignment release processing, and 
sends back the ACK indicating this to the calling 
station. Thus, the calling station can unidirectionally 
perform channel disconnection regardless of the 
state of the called station. 

As described above, according to the TDMA 
radio communication system of the present inven- 
tion, channel setting determination for the channel 
connection request is performed with reference to 
only availability of the channel, i.e., the 
presence/absence of vacant time slots regardless 
of the condition of the called station, and slot 
assignment information for the channel connection 
request is supplied to only the calling station. 
Therefore, the master station need only control 
time slots, and need not control the channel con- 
nection conditions of the calling and called slave 
stations. Thus, a data volume processed by the 
master station can be reduced, and channel setting 
and slot assignment processing can be simplified. 
Channel setting detennination and channel assign- 
ment processing can be quickly performed, and a 



time from generation of calling to signal transmis- 
sion can be shortened. Thus, generation of queue 
can be eliminated. 

In this invention, the calling and called stations 

5 are not correlated using time slots, but the trans- 
mission signal inserted in each time slot is added 
with a called station address. Thus, the calling 
station can change the called station during a se- 
ries of signal transmission procedures, and a plu- 

10 rality of slave stations can be accessed using an 
identical time slot. Thus, transmission efficiency 
can be improved, and the time slots can be effec- 
tively used. 

In particular, in a communication system, a 
75 multi-address calling function is often required, in 
this case, in the conventional system, time slots for 
a large number of called slave stations must be 
assigned. Thus, in consideration of this, the effect 
of the present invention will be understood. 

20 

Claims 

1. A time division multiple access radio com- 

25 munication system comprising a master station, a 
plurality of slave stations, and a time division mul- 
tiple channel connecting between said slave sta- 
tions under control of said master station, 
said master station comprising: 

30 channel connection control means for receiving a 
channel connection request from a calling slave 
station, determining based on availability of said 
channel whether or not the channel can be as- 
signed, and transmitting a response signal to said 

35 calling slave station by adding the detennination 
result to the response signal; 
channel control means for receiving a slot assign- 
ment request from the calling slave station and 
transmitting slot assignment infonnation of said 

40 time division multiple channel to said calling slave 
station; and 

release means for receiving a disconnection re- 
quest from the calling slave station and releasing 
assignment of a slot assigned to the calling slave 

45 Station; 

each of said slave stations comprising: 
channel connection request means responsive to 
an input calling signal to perform the channel con- 
nection request to said master station; 

50 slot assignment request means for receiving an 
acknowledge signal for the channel connection re- 
quest from said master station and sending the slot 
assignment request to said master station: 
slot detection means for detecting a slot assigned 

55 to said slave station as the calling station based on 
the received slot assignment information; 
address detection means for detecting an address 
of a destination device based on an input transmit- 
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ting signal; 

called station determination means for determining 
a called slave station based on the address of said 
destination device detected by said address detec- 
tion means; s 
transmission control means for adding an address 
of said called slave station determined by said 
called station determination means to the input 
transmitting signal to fonnn a transmission signal, 
and inserting tiie transmission signal into the time io 
slot detected by said slot detection means; 
reception control means for receiving the transmis- 
sion signal inserted in each time slot of the time 
division multiple channel to detect the address of 
said called slave station included in each transmis- is 
sion signal, and fetching the transmission signal in 
which the address of said called slave station co- 
incides with that of its own as a reception signal; 
and 

completion control means for transmitting the dis- so 
connection request in response to completion of 
the transmission operation of said transmission 
control means. 

2. A system according to claim 1 , wherein said 
transmission control means of each of said calling 25 
slave stations causes an address of its own to be 
included in the transmission signal formed thereby. 
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